ABSTRACT. The purpose of the present study is to analyze the effect of serum or chick embryo extract (CEE) on the neuronal differentiation of the mouse neural crest cells. When the crest cells were cultured in the medium containing serum at low concentration (5% calf serum), neurite outgrowth was observed. The active outgrowth was detected at 3-4 days in culture. However, in the medium supplemented with 20% calf serum, no neurite appeared, and the crest cells remained fibroblast-like. The differentiation of adrenergic neurons was observed when the crest cells were cultured in the medium containing CEE along with serum.
The neural crest, a transient structure in the neural primordium of the vertebrate embryo, originates on the dorsal surface of the neural tube. Neural crest cells migrate extensively in the early embryonic stage and give rise to various tissues such as autonomic and sensory neurons, adrenal medulla, melanocytes, and cranial and facial connective tissues (4, 6, 10) . Recently, in avian neural crest cells, it has been shown that the developmental potential of individual crest cells is heterogeneous (1, 8) . It has also suggested that the differentiation of avian neural crest cells in vitro depends on the composition of the culture medium and substrate (3, 7, 9, 11, 12) . In the present study, we investigated the effect of serum and CEE on the differentiation of the mouse neural crest cells.
MATERIALS AND METHODS
As animals for the study, C57BL/6 strain was used. The cultures of the mouse neural crest cells were prepared according to Ito and Takeuchi (5) . In brief, the caudal segments of 9-day mouse embryos were excised and trypsinized. The neural tubes were removed from the surrounding tissues and placed into 35 mm culture dishes containing 2 ml of the culture medium (see below). The neural tubes were carefully detached from the dishes with tungsten needles and discarded after 2 days in culture. The cultures were incubated at 37°C in a humidified atmosphere of 5% CO2 in air. The medium containing serum at low concentration consisted of Eagle's minimum essential medium (MEM), and 5% calf serum (CS, Flow). The medium containing serum at high concentration consisted of 80% MEM and 20% CS. CEE was prepared from the trunks of 10-day chick embryos. After washing chick embryos in Tyrode solution, they were homogenized, and then mixed with a equal volume of Tyrode solution. The mixture was freeze-thawed three times, and centrifuged twice at 3,000 r.p.m. for 15 min. The resulting supernatant was used as CEE. Intracellular catecholamine (CA) was detected by the formaldehyde-induced fluorescence (FIF) method (2) . The cultures were quenched in isopentan cooled with liquid nitrogen, freeze-dried for 1 h, and then exposed to formaldehyde gas at 80°C for 1 h. CA fluorescence was viewed with an Olympus fluorescence microscope.
RESULTS AND DISCUSSION
When the neural crest cells were cultured in the medium containing the serum at high concentration (20%), all the cells in culture appeared to be fibroblast-like. This morphological feature remained throughout the culture period (Fig. la) . In the medium with CS at low concentration (5%), however, the cultures developed in a different direction. After 2-3 days in culture, numerous crest cells started to become ovoid, extended neurite-like processes, and exhibited a typical neuronal appearance. The number of these cells gradually increased. The neurons with refractive, ovoid cell bodies clustered in small ganglia within 24 h. After 3-4 days in culture, these ganglia were connected with each other by long processes to form a neuronal network (Fig. lb) . This network structure remained for 3 or 4 days in culture. When the crest cells were cultured in the medium containing 20% serum for the first 2 days and then in the medium supplemented with 5% serum, the neuronal network was observed within 1-2 days after the change of serum concentration (Fig.  2a, b) . The morphology of the network was comparable to that differentiated from the crest cells cultured in the medium containing 5% CS for the whole culture period. In the previous study, we showed that CA-positive adrenergic neurons differentiated in the culture condition that both serum and CEE were present (5). In order to examine the effect of CEE or serum on CA synthesis in the neural crest cells in culture, CEE was added to the medium. When the medium with 5% CS was supplemented with 4% CEE, numerous crest cells migrated from the explanted neural tubes within 24 h in culture. After 3 days in culture, small ganglion-like cell clumps were observed. These cell clumps gradually increased in number and volume. Neurite-like processes were found at 4-6 days in culture. These processes mainly distributed in the area surrounding ganglion-like structures (Fig. 3) , though they were short and thin (Fig. 3) . In order to detect CA, FIF was performed at 6 days in culture. Table 1 shows the number of the colonies with CA-positive cells. It is clear that the differentiation of the crest cells into CA-positive neurons is promoted by addition of CEE to the medium. In the medium containing CEE, 
